Abstract One of the challenges confronted by language learners is to master the interpretation of sentences with multiple logical operators (e.g., nominal quantifiers, modals, negation), where different interpretations depend on different scope assignments. Five year-old children have been found to access some readings of potentially ambiguous sentences much less than adults do (Musolino 1998 , Musolino and Lidz 2003 . Recently, Gualmini, Hulsey, Hacquard and Fox (2008) have shown that, by careful contextual manipulation, it is possible to evoke some of the putatively unavailable interpretations from young children. Their proposal is quite general, but the focus of their work was on sentences involving nominal quantifiers and negation. The present paper extends these investigation to sentences with modal expressions. The results of two experimental studies reveal that, in potentially ambiguous sentences with modal expressions, the 
Introduction
Investigations of how adult language users interpret (potentially) ambiguous sentences provide a unique window into the inner workings of the human sentence processing mechanism, i.e. the parser. Whenever more than one structural analysis is available for the same string of words, the parser's decisions about the preferred interpretation shed light on its internal operating principles. Similarly, investigations of the resolution of ambiguities by children are revealing about the acquisition of these operating principles of the parser. In addition, investigations of young children's interpretations of ambiguous sentences can be revealing about the ways in which children's parsing strategies are influenced by context, and by considerations of language learnability.
Our focus in this paper is on ambiguities that are (at least potentially) generated in sentences that contain multiple logical operators. Such ambiguities have been extensively investigated in theoretical syntax and semantics (see May 1985 , Beghelli and Stowell 1997 , Fox 1999 , Mayr and Spector 2013 among many others). More recently, these ambiguities involving logical expressions have attracted interest in the field of child language acquisition. To illustrate one of the relevant phenomenon under consideration, consider the sentence in (1), which is taken from Musolino 1998. The example contains both negation and a universal nominal quantifier, in subject position.
(1) Every horse didn't jump over the fence. a. Every horse is such that it did not jump over the fence. b. Not every horse jumped over the fence.
For adult speakers, depending on the context and on intonation, sentence (1) can be assigned either the meaning indicated in (1-a) or the meaning in (1-b).
It is easy to verify that these two readings are associated with different truthconditions. For example, if not every horse jumped over the fence, but some did, then (1-a) is false, whereas (1-b) is true. In evaluating sentence (1), adults tend to accept it both in contexts that verify meaning (1-a) and in contexts that verify (1-b). If child grammar is the same as that of adults, then, children too would be expected to accept sentence (1) in both circumstances. Previous studies, however, have suggested that this may not be the case. In particular, Musolino (1998) reported that five year-old children tended to reject sentences like (1) in one of the contexts in which adults accept them. More specifically, the Musolino study found that children consistently rejected sentences like (1) as an accurate description of experimental vignettes that only verified the reading in (1-b), whereas adults consistently accepted the same sentences in these experimental contexts. Musolino (1998) interpreted the results as supporting the view that children's grammar initially excludes or 'strongly disfavours' the semantic interpretation in (1-b) . Following the initial study by Musolino, similar results were obtained by other researchers, revealing asymmetries in the interpretations of ambiguous sentences by children and adults (Musolino, Crain and Thornton 2000, Krämer 2000 among others) .
The observed differences between children and adults suggest that children access only a restricted set of the interpretations that adults assign to ambiguous sentences. In addition, some experimental findings have led to the conclusion that the differences between children and adults extend to sentences that are unambiguous for adults. There have been at least two such cases. One involved negative sentences with an existential nominal quantifier, such as (2), which contains negation and the quantifier some.
(2)
The detective didn't find some guys. a. *It is not the case that the detective found some guys. b. There are some guys that the detective didn't find.
In principle, there are two possible scope assignments for (2), as indicated in (2-a) and (2-b). For adult English-speakers, however, only the interpretation in (2-b) is acceptable. The scope assignment indicated in (2-a) is excluded for most adults. We have indicated the unacceptability of (2-a) with the asterix '*.' In contrast to adults, the findings reported in Musolino (1998) suggested that English-speaking children initially access only the interpretation represented in (2-a), the one that is excluded for adults. Based on children's behavioural responses to sentences with nominal quantifiers, as in (1-a) and (2), Musolino (1998) and Musolino et al. (2000) observed that children initially assign an isomorphic mapping between surface syntax and semantic interpretation, apparently disallowing inverse-scope readings. A second discrepancy between child and adult behaviour challenges this initial observation of isomorphism. The findings were reported first in Moscati 2008 (see also Moscati 2009, Moscati 2011) . In this case, the potential ambiguity involves negative sentences with modals expressing possibility, as in the Italian example in (2). to.the.elephant a. *The farmer is not allowed to give the carrots to the elephant b. The farmer is allowed not to give the carrots to the elephant For adult Italian-speakers grammar, sentence (3) is unambiguous. The only licit interpretation is (3-b). The absence of ambiguity follows from the fact that the interpretation of negative sentences with existential modals appears to be dictated by surface word order of Italian. That is, there are no 'inverse scope' readings. Consequently, the modal potere takes wide scope (♦ > ¬) when it precedes negation, as indicated in (3-b) , and the reading (3-a) is excluded. Similarly, negation obligatorily takes wide scope (¬ > ♦) when it precedes a modal, as in (4) (see also Gualmini and Moscati 2008) . to.the.elephant a. The farmer is not allowed to give the carrots to the elephant b. *The farmer is allowed not to give the carrots to the elephant Interestingly, the Moscati study revealed that Italian-speaking children consistently rejected the unique adult reading of (3), i.e., (3-b) . In contrast to adults, children appeared to assign the 'inverse scope' (¬ > ♦) reading (3-a), which is unacceptable for adults. Children's interpretation therefore represents, at least prima facie, a challenge to the observation of isomorphism proposed by Musolino (1998) : children, in this case, appear to access precisely the inverse scope reading, and this reading only.
The absence of a unified account of children's interpretation of potentially ambiguous sentences has led to a reconsideration of a different proposal which had been advanced in Crain, Ni and Conway 1994 and Thornton 1998 (see also Crain 2014 and Moscati 2013) . On this account, learnability constraints dictate children's initial scope preferences for interpreting ambiguous sentences. The proposal is that children always start with the logically strongest interpretation of ambiguous sentences, i.e., the subset reading (see Berwick 1985) . This learnability-based account, while controversial, encompasses children's interpretations of all of the examples we have considered so far: (1), (2), and (3). In all three cases, children's initial interpretation corresponds to the strong reading, regardless of surface word order.
2
These two proposals, while very different, share in common the idea that children initially only have a single reading for the sentences in (1), (2), and (3) and that this reading is not necessarily one that is attested in the local language. Child and adult grammars differ, therefore, in ways that cannot be explained by experience-based accounts of language development that rely 1 Notice that this behaviour appears completely parallel to that of being allowed in English used in the glosses: (i) and (ii) are also unambiguous and can only have the scope interpretation corresponding to the surface order of modal vs negation.
The farmer is allowed not to give carrots to the elephant.
(ii) The farmer is not allowed to give carrots to the elephant.
può, however, is more flexible than being allowed in terms of which modal base interpretation it can have. In the following, we use in the glosses the English modal that seemed to be more appropriate for the relevant interpretation of può in the story.
on general learning mechanisms and frequency in the input to children as the basis of their non-adult behaviour. In any case, there would seem to be circumstantial evidence for postulating a stage of language acquisition, roughly between the ages of about 3-to 5-years-old, at which only one scope assignment is possible for children. We call this the Unique Scope Assignment stage (USA).
The USA has its detractors. In particular, Gualmini, Hulsey, Hacquard and Fox (2008) conducted a series of experiments demonstrating the availability of readings that, they contend, were artificially suppressed in previous studies of children's ambiguity resolution. The research strategy they advise emphasizes the crucial role played by pragmatic factors in evoking interpretations of logically ambiguous sentences that had been, arguably, obscured in earlier research. Careful manipulation of contextual features were shown to assist children in accessing the putative unavailable readings of sentences like (1), bringing the range of interpretations assigned by children on a par with those of adults. Such results call into question the need to postulate a stage of Unique Scope Assignment (USA), at least in the cases investigated by . Instead, the new findings invited the conclusion that multiple readings of ambiguous sentences are available to children as soon as they can be tested.
In the study reported in the present paper, we ask whether the kinds of pragmatic factors discussed in can be generalized to account for the other cases where children have been observed to lack interpretations that are highly salient, in fact unambiguously so, for adults. If the research strategy employed by Gualmini and colleagues is up to the task, then we should find that, provided appropriate contextual support, children are able to access the readings that have eluded them in previous studies. This should include the surface scope reading of (potentially ambiguous) sentences with nominal quantifiers like (2), as well as the surface scope reading of negative sentences with existential modals in Italian, such as example (3).
More specifically, we report the findings of two experiments investigating sentences like (3) in direct comparison with those with nominal quantifiers like (2), which were among those tested by . The results of both experiments suggest that children's interpretations of sentences with modal expressions should not be assimilated within the account based on nominal quantifiers. The structure of the paper is as follows. The next section introduces the proposal by in more detail, and we spell out the predictions of the account for both modals and nominal quantifiers. Section 3 and 4 report the findings of two experiments designed to test these predictions using negative sentences with modal expressions, with Italian-speaking children. In Section 6, we discuss the results and articulate a developmental model incorporating a stage of Unique Scope Assignment. In Appendix A, we present the statistical analysis of the data, together with few insights about the problem of heteroscedasticity in linguistic experiments.
The Question-Answer Requirement
After the appearance of results indicating children's apparent absence of certain adult interpretations, as summarized above, a series of studies appeared that reversed the conclusions of earlier research. These studies showed children's sensitivity to contextual factors when interpreting ambiguous sentences, resulting in adult-like performance by children in accessing many of the interpretations that had eluded them in previous research. According to the authors of many of these studies (e.g., Gualmini 2004b , Gualmini 2004a , Krämer 2000 , the source of children's non-adult behaviour in previous research resided in their greater sensitivity to certain discourse-pragmatic factors, as compared to adults. , in particular, focused on one contextual factor, namely the question that was under consideration in the experimental context that children were responding to. Essentially, Gualmini and colleagues draw our attention to the fact that sentences can profitably be analysed as responses to an explicit or implicit question in the conversational context. Building on much previous literature in semantics/pragmatics, they refer to this feature of the context as the Question Under Discussion (QUD) (von Fintel 1994 , Roberts 2004 ; see also Beaver and Clark 2009 ). Gualmini and colleagues argue that QUDs play a crucial role in promoting and demoting various readings of ambiguous sentences. They captured this intuition in the following principle:
The selected interpretation of an ambiguous sentence is required to be a good answer to the Question Under Discussion (QUD).
Let us spell out some of the assumptions that underlie the QAR. First, the QAR is based on a particular analysis of the meaning of questions, and what counts as a good answer to a question. Following Hamblin (1973) and much subsequent work, the meaning of a yes-no question such as (6-a) is taken to be the set that contains (the meanings of) its positive and negative answers, as in (6-b). A good answer is any sentence that entails either the proposition corresponding to the positive member of the set, or the one corresponding to its negative member. So, good answers include the sentence John is over there drinking champagne (which entails that John came and answers yes to (6-a)) as well as the sentence He is in Florida (which entails that John did not come and answers no).
With these basics in hand, we can return to how the QAR is invoked to explain children's non-adult behaviour in previous research. The proposal is that the readings that proved problematic for children were ones that were not good answers to the Question Under Discussion (QUD) in the story-contexts pre-sented to children in previous research. To illustrate, consider the sentence in (7) (repeated from (2) above). Recall that children proved unable to access the reading indicated in (7-b) in Musolino (1998) study. Instead, children appeared to assign a non-adult interpretation to (7), corresponding to (7-a).
The detective didn't find some guys. a. *It is not the case that the detective found some guys.
(¬ > ∃) b. There are some guys that the detective didn't find.
(∃ > ¬) argue that, in the experimental context in that study, the salient (albeit implicit) QUD was whether or not the detective found some of the guys. That is, the QUD was (8). The meaning of this question has been rendered in (8-b) , and schematically in (8-c). Assuming that, for children, the QUD was (8), then we should ask how children should be expected to interpret the answer in (7). The Question Answer Requirement predicts that only the reading (7-a) would be accessible, according to which it is not the case that the detective found some guys. This is a good answer to (8), because the meaning in (7-a) entails one of the two possible answers to the question in (8), namely the no-answer (¬∃). By contrast, the meaning of (7-b) should not be accessible to children, according to the QAR. The reason is that the meaning of (7-b) does not entail either member of the meaning of the question, i.e. it doesn't answer either yes or no to (8-a).
According to the QAR, children did not access the interpretation in (7-b) in the Musolino (1998) study because the meaning of (7-b) was not a good answer to the salient QUD. This immediately predicts that this reading should become available to children if the relevant QUD is made salient. For instance, the QAR predicts that children will be able to access the adult interpretation of (7), i.e., (7-b), in circumstances in which the QUD is (9-a). In this case, both reading (7-a) and (7-b) are good answers to (9-a), as they both entail the no-answer (¬∀). (9) a. Did the detective find every guy? , children were shown to access the reading in (7-b) when (9) was the salient QUD. Other findings also confirm the QAR, at least for sentences involving negation and nominal quantifiers.
What about adults? Why do adults have more ready access to readings that do not satisfy the QAR? Gualmini and his colleagues propose that two factors are at play in the interpretation of ambiguous sentences, both for children and adults. One is the Question Under discussion (QUD), and the other is the Principle of Charity, which entreats language users to favour interpretations of ambiguous sentences that make them true in the conversational context (Grice 1975 and much subsequent work). Adults lean more heavily on the Principle of Charity. If the QUD is not answered in the conversational context, the Principle of Charity encourages them to accommodate a different QUD. In contrast to adults, Gualmini and colleagues suggest that children adhere to the Principle of Charity only if the QUD is answered. In short, the proposal could be described as a two-stage model of development: at the first stage, the QAR outranks the Principle of Charity; at the second stage, the ranking is reversed.
(10)
Stage 1: QAR > Charity Stage 2: Charity > QAR Although the two-stage QAR model of acquisition was originally developed to account for the interpretations of negative sentences with nominal quantifiers by children and adults, it is clear that the account is intended to generalize to other combinations of logical operators. More generally, because the QUD account has been formulated in terms of discourse-congruence, it generates predictions that extends to any sentence with more than one scope-bearing element, including the potential scope ambiguities generated by logical connectives and modals. We now turn to the case of modals.
2.1 Modals: a challenge to the Question-Answer Requirement?
Nominal quantifiers and modals are traditionally treated on a par, both as quantificational expressions. In its simplest version, the idea is that nominals quantifiers quantify over individuals, while modals quantify over possible worlds or similar objects (see Portner 2009 and references therein). Nominal quantifiers and modals are also analysed uniformly in the literature on scope interactions. For instance, Fox (2000) and Mayr and Spector (2013) propose economy principles (e.g., do not scope shift unless the result weakens the meaning!) which would apply equally to modals and nominal quantifiers. In fact, these authors invoke modals to provide evidence in support the such principles:
The interaction of modals and the GSEC [Generalized Scope Economy Condition] raises a number of non-trivial issues, both theoretically and empirically. [. . . ] we describe a number of facts which might seem to be problematic for our proposal, and we show that on closer examination these apparent counterexamples are compatible with the GSEC and in some cases provide additional support for it. (Mayr and Spector 2013:p.32) To account for different scope possibilities that are associated with different types of operators, they postulate further constraints in addition to their economy principles (e.g., Neg-raising, PPI-hood . . . etc).
The analogy between the semantics of modals and nominal quantifiers, combined with the very general formulation of the QAR given in (5) constitutes our main motivation for comparing the effects of the QAR with both types of operators.
The first study explicitely investigating the role of the QUD on modal interpretation is the one reported in Moscati (2011) , to which we turn now. The stimulus sentences of this study included examples such as (11), previously example (3). Recall that children were reported to initially access only a nonadult-interpretation of (11), represented in (11-a). Children failed to access the unique interpretation available to adults, indicated in (11-b). all'elefante to.the.elephant a. *The farmer is not allowed to give the carrots to the elephants b. The farmer is allowed not to give the carrots to the elephants According to the QAR, children should be able to access the reading in (11-b) if they are provided with an appropriate QUD. To test this, Moscati introduced an explicit QUD on each test trial, manipulating whether (11-b) was a good answer to the QUD in the experimental context. Here is the experimental design, in slightly more detail. First, only the reading associated with (11-b) was a 'true' description of the events that had unfolded on each experimental trial. Therefore, children's acceptances of the target sentences was taken as evidence that they assigned the adult interpretation, such as (11-b), whereas chidlren's rejections was taken as evidence that they had assigned a non-adult reading, such as (11-a). The novel experimental manipulation in the study, however, involved the QUD. There were two conditions. In one condition, the reading that made the sentence true, e.g., (11-b), was not a good answer to the QUD. According to the QAR, children should not access this reading in this condition, and should reject the test sentences. This Condition 1 is illustrated in (12). Notice that interpretation (11-b), the farmer is allowed not to give the carrots to the elephant (♦¬), does not answer (12) − it does not entail either the positive or the negative member of the meaning of (12), indicated in (12-a). To summarize, everything but the QUD was held constant across trials. The QAR led to two predictions. First, children were expected to reject the target sentences in Condition 1, where the only true reading of the test sentences is not felicitous (i.e. does not answer the QUD). Second, children were expected to accept the target sentences in Condition 2, where there is a reading that is both felicitous and true in the context.
The critical observation is that question (13) is answered by sentence (11), on interpretation (11-b). This is because it's possible that the farmer doesn't give the carrots to the Elephant (♦¬) entails the negative member of the meaning of question (13). This sentence entails that it is not necessary that the farmer gives carrots to the elephant (¬ ). According to the QAR, therefore, children should access this interpretation, and should accept the test sentence (11).
Despite careful manipulation of the QUD, Moscati (2011) found no evidence of an effect of the QUD across the two conditions. Children consistently rejected the target sentences in both conditions. The results reported in Moscati (2011) represent, therefore, a challenge for the QAR model. At this point one could reasonably ask whether children's rejection of (11) is due to a misinterpretation of the modal può. In particular, one could hypothesise that children are confusing può with its universal counterpart deve.
4 If so, sentence (11) would be assigned a surface scope interpretation, with the meaning that the farmer must not give carrots to the elephants. Because this interpretation is incompatible with the context, this could be the source of children's rejections.
5 This scenario is unlikely, however, in view of previous findings in the literature, which have shown that, by 5, children have become sensitive to the different force conveyed by different modal expressions. For example, Hirst and Weil (1982) used a forced-choice task to investigate five-year-old children's ability to discriminate between modals on the basis of their quantificational force. In the experimental paradigm, children heard a sequence of minimal pairs of statements produced by two puppets: these statements differed only in the modal e.g. The peanut must be under the cup versus The peanut may be under the cup. The child participants consistently used the puppets' statements to locate a hidden object. In fact, by 5, children strongly favored the location that was associated with the stronger modal (i.e. must). A number of studies have demonstrated similar findings with other modal pairs (Byrnes & Duff 1989 , Noveck et al. 1996 , and similar results were reported for the contrast between the modals potere/dovere in Italian (Bascelli & Barbieri 2002) . Taken together, these findings provide compelling evidence that, by 5, children are sensitive to the quantificational force conveyed by different modals. Although an explanation of Moscati's results in terms of lexical misinterpretation does not seem viable, there were other limitations to the study that potentially blunt the force of any conclusions that can be drawn. First, there were no suitable controls to ensure that children were paying attention to the QUD. If children were ignoring the QUD, this alone could explain why Moscati found no effect across conditions. Second, the study did not include nominal quantifiers, precluding a direct comparison between children's responses to modals and to nominal quantifiers. We are left with only indirect comparisons, based on different experimental materials and different tasks. The goal of the present study was to overcome these possible limitations, in order to see whether children's interpretations of negative sentences with modals constitute a serious challenge to the QAR account. A Truth Value Judgement Task (TVTJ) was conducted to investigate whether adherence to the QAR grants children access to the problematic readings for both negative sentences with nominal quantifiers and for ones with modals (Crain and Thornton 1998). There were two experimenters. One acted out short vignettes using toy characters and props, and the second experimenter played the role of a puppet who watched the stories alongside the child. At the end of each story, the outcome was made explicit by the arrangement of the characters. Following each story, the puppet was asked two questions. One question established the QUD. Following the puppet's answer to the QUD, the puppet was asked a second question. This was a wh-control question (e.g., Who gave the carrots to the elephants?), and was included to assess whether the child subject was paying attention to the experimenter's QUDs. The child's task was to judge whether or not the puppet's answers to both questions accurately described what had happened in the story.
Methods

Participants
16 monolingual Italian-speaking children (mean 5;6, range 4;10-5;8) participated in Experiment 1, and 10 adults were tested as controls.
Materials & Procedure
Each participant was presented with 10 stories. Following each story, the participant was required to give two responses. First, the experimenter asked the puppet a yes-no question. Then, the puppet responded with a complete sentence, and the participant was instructed to indicate whether the puppet's response was correct. Second, the experimenter asked the puppet a wh-question. In response, the puppet produced a fragment answer (a DP), and the participant was instructed again to indicate whether the puppet's response was correct. For three of the stories, the experimenter's yes-no quesion included both negation and an existentially quantified DP. The puppet's responses to these yes-no questions were always true, from the adult perspective. The experimenter's wh-question also included negation and an existentially quantified DP. In all the three wh-questions, the puppet's response to the wh-question was false, from the adult's perspective. Here is an example of a nominal quantifier trial (we report all target stories in Appendix B):
Quantifier Story: Jack, the photographer, and Fred, the caveman, are going to take photos of animals in the jungle. Two crocodiles and two elephants are walking by. Jack and Fred decide to try to take pictures of them. Fred tries first, however he doesn't manage to shoot any of them. Then it is Jack's turn. He manages to take photos of the elephants, but not of the crocodiles.
At this point, the experimenter asked the puppet the question in (15) and the puppet answered as in (16). It is easy to verify that both interpretations of (16) are correct answers to the QUD, because both entail the negative member of the question. Moreover, (16) is true in the context given in (14) only if it is interpreted as in (16-a).
After the yes-no question the puppet asked a wh-question, as in (17). Notice that children cannot successfully judge the accuracy of the puppet's answer in (17-b) unless they relate it to the wh-question. Finally, the test session included two other stories in which the experimenter asked a yes-no question, but where the puppet responded with a sentence that contained an existential quantifier without negation. These answers were false descriptions of the context, from an adult's perspective. In addition, the experiment asked a wh-question to which the puppet responded with a fragment answer that was true from an adult's perspective. These addition trials were included to control for the number of positive sentences without negation, and to balance the number of true and false sentences. In sum, on there were three target sentences involving negation and an existential quantifier for the nominal quantifier conditi, three false wh-controls, two true wh-controls and two positive sentence controls.
The modal condition included the same complement of test sentences and controls. There were three stories where the puppet responded first to a yesno question that contained a sentence involving the existential modal può and negation, and then to a control wh-question with a fragment answer. Again, from an adult's perspective, the puppet's responses to the yes-no questions were always true while the puppet's responses to the wh-controls were always false. A typical trial is given in (18).
(18)
Modal story: Fred and Smurfette went to visit Papa Smurf at his faraway home. He lives very far away and they need to take a motorbike to get there. A motorbike is there for them to use. Smurfette says that the bike is too dangerous and, besides, she doesn't know how to drive it. However, only Fred is tall enough to ride it. Fred is considering using it, but in the meanwhile a pilot comes and he offers Fred his car. Now Fred has two choices: he can take the bike or the car.
At the end of the story, Fred was free to choose between the car and the bike. In other words, he could take the bike but didn't have to. At this point, the experimenter posed the question in (19) to the puppet, and it replied with (20). Again, both of the interpretations of (20) are good answers to the QUD, as both entail the negative member in (19). Moreover, the target sentence was true, under the interpretation in (20-a). Analogously, the modal stories were followed by a wh-question, which was a negative strong sentence. For example, in the context of the story in (18), the puppet was also asked the question below in (21).
(21) a. Chi non può guidare la moto? 'who cannot drive the motorbike?' b. Smurfette.
As before, there were two additional stories involving può without negation and a true wh-control. In sum, the modal condition introduced three target sentences, three false wh-controls, two true wh-controls and two positive sentences controls.
Importantly, the true readings in the context are good answers to the explicit QUD in both the nominal quantifier and the modal conditions. The QAR account therefore predicts that children should accept the target sentence in both conditions to the same extent. Figure 1 summarizes the proportion of correct answers for the fragment answers and the proportion of correct rejections to the positive controls.
Results & Discussion
As Figure 1 illustrates, children performance in response to the control items was similar to that of adults. Children correctly rejected the positive control statements at a rate above 80% correct for both modals and nominal quantifiers. Children also experienced little difficulty accepting and rejecting the puppet's fragment answers. Their proportion of correct answers remained at above 80%. These findings suggest that children were paying attention to the questions posed by the puppet and judged the puppet's fragments as they pertained to the QUD. We turn next to data from the two experimental conditions, which are summarized in Figures 2.
As Figure 2 shows, children accepted the test sentences with existential quantifiers ≈ 90% of the time. This was only slightly lower than the adult rate of ≈ 97%. By contrast, children's acceptance rate for negative sentences with modals dropped to ≈ 44%, whereas adults remained at ≈ 97% Looking more closely at children's responses for the modal condition, we found the majority of children consistently behaved differently from adults: rejecting the target sentences either all of the time (5 children of the 16 children) or two times out of three (6 children). In addition, there was a group of 3 Eight of the child participants produced one answer that differed from the other two. This could simply be a consequence of the higher variability in responses by the child participants (see Appendix A). Another possibility is that these children were going through 
Targets
Acceptance adults children previous studies in the literature, we assume these children in these two latter groups are effectively adults in the relevant linguistic knowledge.
9,10
Data were analysed in R using generalized linear-mixed-effects-models, with Operator-Type as predictor, or fixed effect, and participants and Items as random effects (Baayen 2008) . The analysis revealed a main effect of the Operator-Type (p < .001): children experienced that modal-type questions as significantly more difficult to gauge than their quantifier-type counterparts. Results of the analysis and additional comments are shown in Appendix A.
The present experiment manipulated QUDs for two types of logical operators, modals and nominal quantifiers. One main finding replicated that of . Both studies found that children are able to access the true reading of negative sentences with nominal quantifiers, when this reading answered the explicit QUD in the context. However, we also replicated the finding reported in Moscati 2011. In both studies, children were unable to access the true reading of negative sentences with modals, even when this a transitional stage of language development at which they were temporarily drawing upon two grammars.
9 One of the children in this last group actually didn't provide an answer for the third modal stories, so her pattern of response is actually that two responses out of two were adult-like. 10 We report each story individually in Appendix B. For what concerns modals, all the target stories presented an acceptace rate lower than the adult one. Among them, the target story 5 was the one presenting the lowest acceptance rate, attested at 31% in children. Acceptance rate of the target stories 6 and 4 was 46% and 57% respectively. reading felicitously answered the explicit QUD in the context. Modals appear to indeed constitute a challenge for the QAR model.
The present study was designed to overcome the possible limitations of the study by Moscati (2011) , in two ways. One feature of the present study was to investigate negative sentences with modals and ones with nominal quantifiers using the same child participants. Children's responses to sentences with nominal quantifiers were consistent with the QAR, but their responses to sentences with modals were not. In view of the effect of QUD in guiding children's responses to sentences with nominal quantifiers, there is no reason to believe that children were selectively ignoring the QUD in modal sentences. Moreover, the fact that children correctly responded to the control sentences demonstrates that they attended to the question under discussion. If children were not ignoring the QUD, the present results effectively challenge the proposal by .
One question at this point, however, is whether children's difficulty with modals lies in realising that the target sentences were answers to the given QUDs. In other words, whether they might find hard to realize that (22) is a good answer to (23). In particular, one thing that might play a role is that the modal is not the same in the question and the answer (deve vs. può). In order to consider sentence (23) as a good answer to (22), children have to realize that (può non) is logically equivalent to (non deve). Although they have the same meanings, the two expressions make use of a different lexicon: a universal modal in the question and an existential modal in the answer. We can speculate that this idiosyncrasy might be a source of confusion for children. Notice that this hypothesis leaves open why they should have a problem with modals in this respect but not with nominal quantifiers, given in particular that there is a corresponding difference between the nominal quantifier in the question and that in the answer (tutti vs. qualche). Let's assume, however, that there might be some asymmetry in understanding that (23) is an answer to (22) versus understanding that (25) is an answer to (24). If the use of a different modal in the question-answer pair adds some complexity to the task, then we can get rid of this factor by using the same operator both in the question and in its answer. Under the working hypothesis that similitudes in the question's and in the answer's logical form could facilitate the task, we can test the effect of the QUD by changing it in a way that it will share the same lexical material with the target answer.
We think this hypothesis is worth pursuing because (the three of us who are) native speakers of Italian find that (23) is more easily recognized as an answer to (26) than to (22). Notice that (26) has the same modal of the answer in (23). One might ask whether this intuitive difficulty in relating (22) 4 Experiment 2
Method
Participants
32 monolingual Italian-speaking children (mean = 5;3, range = 4;10 -5;9) and 22 monolingual Italian-speaking adults took part to the experiment. Children were randomly assigned to two different groups: one group (G1: N = 16) heard the sentences with modals while the other heard sentences with quantifiers (G2: N=16). Both groups had a series of filler stories interspersed between the target trials.
Materials and Procedure
Materials were the same used in Experiment 1. However, unlike in Experiment 1, the variable operator (Nominal quantifier vs Modal) was manipulated between subjects. We used a between-subject design, because we had the impression during pilot testing that some children found the Experiment 1 to be too long. By dividing children into two groups, we made the experiment shorter. Children assigned to the modal group heard three target stories in which the target sentence was presented after an explicit QUD. In each trial, the puppet also had to answer to a control wh-question. In addition, as in Experiment 1, interspersed between the three target stories, there were two positive controls and they were false descriptions of the corresponding scenarios. Also children assigned to the quantifier condition heard 3 target stories, exactly the same ones used in experiment 1 plus two fillers and wh-questions. The only difference was in the form of the QUD. The stories were exactly the same as in the Experiment 1. Consider again the quantifier story in (28) repeated from above.
(28) Quantifier Story: Jack, the photographer, and Fred, the caveman, are going to take photos of animals in the jungle. Two crocodiles and two elephants are walking by. Jack and Fred decide to try to take pictures of them. Fred tries first, however he doesn't manage to shoot any of them. Then it is Jack's turn. He manages to take photos of the elephants, but not of the crocodiles. Notice that now the nominal quantifier is the same in the QUD and in the answer. The same logic was used also for modal sentences. Again, consider the following modal story, repeated from above.
(32) Modal story Fred and Smurfette went to visit Papa Smurf at his faraway home. He lives very far away and they need to take a motorbike to get there. A motorbike is there for them to use. Smurfette says that the bike is too dangerous and, besides, she doesn't know how to drive it. However, only Fred is tall enough to ride it. Fred is considering using it, but in the meanwhile a pilot comes and he offers Fred his car. Now Fred has two choices: he can take the bike or the car.
As in Experiment 1, Fred was free to choose between the car and the bike. Now the experimenter asks the question in (34) rather than that in (33). Again, if using the same modal of the question in the answer has a facilitating effect, we will then expect that children's performance with quantifiers and modals will improve in Experiment 2. Figure 3 report's children's answers to the wh-controls for both the quantifiers and the modals stories as well their rate of correct answers to the filler stories. Figure 4 reports instead children's acceptance rate in the target stories. Notice that in both conditions, proportions are almost the same as the ones in Experiment 1. Again, the majority of children in the modal condition consistently produced different responses than adults did, with 11 out of 16 children rejecting at least two out of three of the target sentences.
Results & Discussion
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As in Experiment one, the data were analysed in R using generalized linearmixed-effects-models, with Operator-Type as predictor, and Participants and Items as random effects. The analysis revealed again a main effect of the Operator-Type on children. Results of the analysis are summarized in Appendix A.
In sum, we found no effect of the question-type on modals. We found the same effect as in experiment 1 on nominal quantifiers. In other words, despite the question and answer contained the same modal and despite the intuition that this facilitates understanding the question-answer relation, children appeared unable to access the adult's reading in the modal case, in the same way as in Experiment 1.
General discussion
Experiment 1 confirmed that adherence to the QUD makes the adult readings of negative sentences with nominal quantifiers available to children, as pro- . However, this did not prove to be the case for negative sentences with existential modals. For adults, existential modals must be interpreted outside the scope of negation. In contrast to adults, children failed to access the weak, surface scope reading, in both Experiment 1 and in Experiment 2. Children continued to assign the non-adult inverse scope reading in both experiments, just as they had in previous studies (Moscati 2011 , 2013 , Moscati and Crain 2014 . Experiment 1 compared the two operators in the same experiment, and introduced a control to ensure that children were paying attention to the question under discussion. Experiment 2 further modified the QUDs so that they contained the same modal/nominal quantifier both 
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Acceptance adults children in the question under discussion and in the answer. The intuition was that this might facilitate children's understanding that the target sentence is an answer to the QUD and that this, in turn, might improve children's performance in the modal condition. We found no effect of this modification of the QUD however, despite extensive experimental maneuvers to support children's access to the adult surface scope reading of the modal sentences.
Taken together, the results of Experiment 1 and 2 suggest that the weak reading of negative sentences with existential modals are simply not available to children at this developmental stage and pose a challenge to the QAR model. It appears, indeed, that, at least in the case of modal sentences, all Italianspeaking children go through a Unique Scope Assignment Stage (the USA). In the following, we briefly sketch our proposed modification to the model of acquisition that underlies the QAR account.
As we saw, the QAR is a two-stage model of acquisition. At the first stage, the QAR is more highly ranked than the Principle of Charity. At this stage, children are expected to reject ambiguous sentences if no reading is both true and felicitous in the context, where a sentence is felicitous if it a good answer to the salient QUD. Children are expected to reject ambiguous sentences, moreover, when they have readings that are true, but not felicitous, in the context. At the first stage, then, the QAR outranks the Principle of Charity. At the second stage, older children/adults rank the Principle of Charity more highly than discourse congruence. At this stage, if an ambiguous sentence has a reading that is true in the context, children/adults will accept it, even if this requires accommodating a new QUD. The model is schematically represented in (36).
(36)
A two-stage model (37), restricted to the difference between sentences with modals versus ones with nominal quantifiers. One could, however, interpret the model in (37) more generally, as applying across different modals and across different operators. The finding that children make a transition from the first stage to the second stage at different rates, depending on the operator involved, could also be accounted for on this general interpretation of the model. For instance, if some particular operator is acquired later than another operator in child grammar, we would expect to find children making a later transition from the first stage to the second stage for that particular operator. It has been suggested in the literature that modals are acquired later than nominal quantifiers (Noveck 2001 among others) . This would explain why 5-year-old children appear to be at the Unique Scope Assignment stage in responding to negative sentences with modals, but not to ones with nominal quantifiers. This general interpretation of the model in (37) also predicts that children will be found to go through a USA stage with nominal quantifiers at an earlier period of development. In sum, while pragmatics plays a crucial role in the interpretation of ambiguous sentences by both children and adults, the findings of the present experiments support the existence of a stage in language development at which children access only a subset of the interpretations available to adults, at least for ambiguous sentences involving existential modals and negation. We must leave open for now the question of whether this unique assignment stage extends beyond the case of modal sentences. Nevertheless, the existence of a stage in development at which children access only one of the possible adult readings, raises the question of how to account for children's initial assignments A definitive answer to this question is beyond the scope of this paper. Notice, however, that among the alternatives mentioned at the beginning of the paper, the findings from the present study argue against an account of initial scope assignments that based on an isomorphic mapping be-tween surface order and interpretation. Such an account cannot, on the face of it, explain children's initial assignment of scope relations in negative sentences with existential modals. As we have seen, children's initial scope assignment is the non-isomorphic reading. For example, children interpret the sentence in (38) as (38-b) and not (38-a). One generalization across all the cases we have considered is that children appear to start with the strongest of the two possible readings of the ambiguous sentences in question. This is compatible with a learnability-based approach according to which children always initially assign the strongest possible scope configuration for ambiguous sentences (see Moscati and Crain 2014 for discussion of how this approach applies to modal constructions).
One question remains in addition to the question of why children initially prefer the inverse scope readings of the modal sentences. The remaining question is how this reading is expunged from children's grammar.
12 An answer to this question requires considering what blocks the inverse scope reading of negation over the modal in the adult grammar. A possible explanation of this capitalises on the observation that inverse scope phenomena of the sort discussed in the present paper are clause bounded. It has been noticed since Rizzi (1982) that sentential negation in modal sentences forces the introduction of a clause boundary. This bi-clausal structure accounts for a range of different syntactic phenomena. Therefore, a sentence like (39) has the representation in (40) in which the modal takes a sentential complement. This bi-clausal structure may explain why negation cannot take scope over the modal in cases like (39).
13 If so, as soon as children become aware of the structure in (39) on the basis of different syntactic evidence (see Cardinaletti & Shlonsky 2004 for a discussion of the properties of these constructions), they 12 Thanks to an anonymous reviewer for discussion on this point. 13 The clause boundary in (40) is witnessed by a series of blocking effects. Among them, the well-know impossibility to have clitic climbing. Without negation, either proclisis on the higher modal (i-a) or enclisis on the lower lexical verb (i-b) are possible. However, when the modal takes a clausal complement in negative sentences, the clitic cannot appear on the higher clause (ii-a) and only enclisis on the verb in the lower clause is allowed (ii-b).
(i) a. Fred la può guidare. b.
Fred può guidarla.
(ii) a. *Fred la può
would be expected to disallow the inverse scope reading of negation over other operators in the main clause. Notice that this explanation is parallel to that generally given to the same question for the existential quantifier sentence like (41), repeated here. In this case, children would lose the surface scope interpretation, which is unavailable in adult's grammar for most speakers, as soon they would learn that some is a positive polarity item and cannot appear in the immediate scope of negation. In both cases, therefore, an additional element (i.e., bi-clausality and PPI-ness) comes into play later in acquisition, thereby allowing children to converge to the adult grammar.
(41) The detective didn't find some guys.
Before closing, let us note one new direction that emerges from the modification of the QUDs in Experiment 2. Recall that we used questions like (42) and (43) in Experiment 2. Notice that these questions themselves contained a negation and a nominal quantifier/modal. This invites us to ask what scope assignments children make in analyzing these questions. For example, one possible interpretation of the question in (43) asks whether it is possible for Fred not to drive the bike (♦ > ¬); another possible interpretation asks whether it's impossible for Fred to drive the bike (¬ > ♦). The QAR is silent on the topic of how children interpret questions. Presumably there is no QUD that guides the interpretation of a QUD itself. An account of ambiguity resolution compelling children to start with the strongest reading is also silent on this topic. The account based on information strength is silent too because the two possible interpretations of questions like (43) do not stand in an asymmetric entailment relation. More precisely, the yes-answer of (45) entails the yes-answer of (44), but of course it is the other way round for the no-answers: the no-answer to (44) entails that of (45). At least prima facie it is not clear that there is a 'strongest' interpretation for questions like (43).
To conclude, investigating how children interpret scopally ambiguous questions such as those we used in Experiment 2 represents a novel direction for research in this area. We must leave the exploration of this domain for future work.
A Statistical analysis of the data
In this appendix we present the statistical analysis of the data sets whose results are described in the main text. Recall that in this work we deal solely with outcome variables in the form of categorical data: each subject under examination can either provide with a wrong (0) or correct (1) answer (or rejection) to a trial. As explained in Jaeger (2008) , the most natural method to treat categorical outcome variables is using a linear logistic regression. For such a model, the natural logarithm of the odds of an event (with probability p) is linearly related to the n independent variables (or covariates) x i ,
with β 0 intercept, β i regression parameters and a random error. The key point here is the non-linear relationship between the probability p and the linear predictor y, which is realised by the so-called logit function. The value of p can be easily extracted inverting the first part of the equation above, namely:
For our particular case, we are required to consider two additional factors. Conditional independence of data is violated whenever we are collecting observations from the same subject. Similarly, multiple investigations of the same item introduce random effects that a simple linear regression fails to take into account. To account for these, we model the random subject and item effects using mixed logistic models: they belong to the broader class of Generalised Linear Mixed Models (Breslow and Clayton 1993) , which also includes the most-known linear mixed-effects model (see Baayen et al. 2008 for applications to linguistic materials). Under these assumptions Eq.(1) becomes: 14
with m covariates z j associated to the random effects B j (note that B j ∼ N (0, σ 2 j ) for some variance σ 2 j ). In our experiments, p is the expected outcome of the sentence under examination, within the limits of 1 for a correct outcome and 0 for a wrong one. If we were to treat the data collectively, as a single set, the form of Eq.(3) would be:
where g = 0, 1 is the group variable (children or adults), o = 0, 1 is the operator variable (quantifiers or modals), Bs ∼ N (0, σ 2 s ) and B i ∼ N (0, σ 2 i ) are the subject and item random effects respectively, while s,i ∼ N (0, σ 2 ) is the random error.
Although promising, following this procedure hides a risk, due to heteroscedasticity. In the framework of logistic regression, the variance is assumed equal for all covariates, or groups. When this assumption is violated, heteroscedasticity can produce biased and misleading parameter estimates, as it has been pointed out in Allison 1999 first, and recently reviewed in Mood 2010. Qualitatively, observing the distribution of wrong and correct answers for children and adults, see Table 2 below, it is evident the presence of heterogeneity between the two groups: For additional evidence of heteroscedasticity, we can perform a Breusch-Pagan test to check for different residual behaviour between the children and adults data. If this was the case, the relationship among variables might not be the same for the dependent variables associated to the two groups, and a single linear regression for the entire range of answers would not be appropriate. We test the data from Experiment 1 and Experiment 2, looking at the linear relationship y s,i (answer) ∼ operator + group, where the group is equal to children or adults, and the variable answer represents either the target QUDs or the control whquestions. The results of the Breusch-Pagan test, shown in Table 3 below, indicates presence of heteroscedasticity across the data for both experiments. In fact, a large value of the χ-square and a small p-value tell us that homoscedasticity cannot be assumed; see Breusch and Pagan 1979. Comparisons of effects across groups can be much more treacherous with logit than with standard linear regressions, see Williams (2009) , especially when dealing with heteroscedasticity. For this reason, since we are primarily interested in determining the effects of the variable operator on the answers, it is preferable to estimate separate models for the separate groups in order to avoid wrong parameter estimates. In the following discussion we briefly describe the models and the results for Experiment 1 and Experiment 2. 
A.1 Experiment 1
In the first experiment, as explained in Section 3, we have two groups of participants, 16 children and 10 adults.
A.1.1 Children
We start by analysing our categorical dependent variable given by the answers to the target QUDs, which correspond to the first trial in the experiment: we assume that the variable operator is the fixed effect (plus an intercept that fixes a starting point), while the variables subject and item are random effects (see Barr, Levy, Scheepers and Tily 2013 for a similar procedure). As explained above, the logit function relates the target QUD answer to the covariates as:
Here and in the following, the data is analysed using R, making use of the glmer function. This function belongs to the package lme4, developed by Bates, Maechler and Bolker (2011) . We fit the model from Eq. (5) to the children-data using the formula:
model.childrenA1=glmer(targetQUD ∼ operator + (1-subject) + (1-item), family = binomial, data = childrenA1) .
Results of the analysis are summarised below in Table 4 . The analysis reveals a main effect of the variable operator. Numerically, choosing a quantifier-question increases the value of the intercept, namely -0,4568, by 3,6984, raising the probability of a correct outcome to
Table 3 Best-fitting logistic regression of probability of correct answers for the operator (Experiment 1, Target QUD, sub-set children). Signif. codes: '***' = p < 0.001, '**'=p < 0.01, '*'=p < 0.05, '.' = p < 0.1, ' ' = p < 1.
As for the random effects, while the subject effect has a large variance, i.e. 2,935, the item effect, having a variance much smaller than 10 −5 , is practically negligible and does not affect the answer outcome. This suggests that although some kids behave better than others in the trials, all the different Target QUDs are assessed equally by them. An analogous analysis is performed for the answers to the wh-questions, used in the experiment to ensure the attendance to the QUD. The results are presented in Table 5 . It is rather interesting to note that for this set of answers the main effect is due to the intercept, which gives a base-line for the probability of correct answers equal to:
The variability due to subjects and items is remarkably small, just like the effect of the operator (although, similarly to the previous analysis, the choice of the quantifier operator -vs modal -increases the value of the probability). The operator variable is not significant because of the high value of the standard error, with respect to the operator regression parameter, as shown in the table. Table 4 Best-fitting logistic regression of probability of correct answers for the operator (Experiment 1, wh-questions, sub-set children). Signif. codes: '***' = p < 0.001, '**'=p < 0.01, '*'=p < 0.05, '.' = p < 0.1, ' ' = p < 1.
A.1.2 Adults
In the first experiment, adults fail to give the correct answer 2 and 0 times, for Target QUDs and wh-questions respectively, against 58 and 60 successful attempts. The results of the modelling of the Target QUDs are presented in Table 6 below. By looking at the regression parameters, it is indeed safe to identify carelessness as the primary source of such errors, rather than trying to explain them in terms of dependence on covariates. As for the whquestions, we believe it is not meaningful to analyse the data related to adults because of the absence of wrong answers. Table 5 Best-fitting logistic regression of probability of correct answers for the operator (Experiment 1, Target QUD, sub-set adults). Signif. codes: '***' = p < 0.001, '**'=p < 0.01, '*'=p < 0.05, '.' = p < 0.1, ' ' = p < 1.
A.2 Experiment 2
In the second experiment, see Section 4 of the main text for the details, we have 32 children and 22 adults taking part in the tasks. The statistical analysis of the data is parallel to the first experiment.
A.2.1 Children
We model the answers to the dependent variables Target QUD and wh-questions as done previously, using Eq. (5) as reference model. The results, followed by a short discussion, are presented below in Table 7 and Table 8 . Let us start by looking at the probability of a correct answer for the Target QUDs. Similarly to Experiment 1, while the value of the intercept (−0.587) assigns the initial probability for a modal-type item, this is significantly increased when switching to a quantifier one (+3, 437). Also the variance associated to the random effect subject is similar to the one obtained in Experiment 1. The main difference from the first experiment is that now the variable item introduces a small, but non-negligible, random intercept. This effect becomes more evident when looking at the outcomes of the wh-questions. Table 6 Best-fitting logistic regression of probability of correct answers for the operator (Experiment 2, Target QUD, sub-set children). Signif. codes: '***' = p < 0.001, '**'=p < 0.01, '*'=p < 0.05, '.' = p < 0.1, ' ' = p < 1.
First of all, the careful reader will notice that the formula we adopt for the wh-questions is different from the previous one, in particular now:
Here we have introduced a random slope term B 0,i , which accounts for variation of answer outcomes dependent on single items. Moreover, to simplify the structure of the model we ignore the random effects caused by subjects, Bs, since in this case it proves to be irrelevant 15 .
If we look at the results in Table 8 below and at the numerics for the random effects in Table 9 , we notice that, while the intercept plays the role of the main effect and the coefficient of the operator is very small, the outcome probability is significantly affected by the random slopes of the q-operator associated to item 2 and 3 (in the formula B 0,2 and B 0,3 ). More in details and using the formula in Eq. 2, it can be seen that item 2 increases the probability by approximately 11% while item 3 decreases it by about 20%.
This indicates that the probability of answering correctly depends on the operator in the sense that certain items are more or less likely to result in a correct outcome, resulting on a average quasi-zero estimate for the slope of the q-operator. While practically inconsequential for our purposes, it is worth pointing out that this could be a consequence of the different setup of the experiment, since the stories were identical to the stories used in Experiment 1. Table 7 Best-fitting logistic regression of probability of correct answers for the operator (Experiment 2, wh-question, sub-set children). Signif. codes: '***' = p < 0.001, '**'=p < 0.01, '*'=p < 0.05, '.' = p < 0.1, ' ' = p < 1.
Since the variances for the random effect -subject-during the Target QUD part of the experiment, for children, are rather large (see Table 3 and Table 6 ), it seems to be necessary to examine the performance of the individual children. For instance, one might want to check whether some of the children are performing similar to adults. This can be assessed looking at the distribution of the individual values of the random effects for the variable subject. These are shown in figure 5 below. From the first graph we see that in Experiment 1 the random effects are well distributed across the whole range, and average around zero. The absence of a second peak seems to indicate that the children performed "as children" on average, and the large variance only captures the fact that few subjects performed more like adults while few others performed less like them. The second graph, which depicts the subject random effect distribution for Experiment 2, shows two definite peaks and a smaller third. This seems to be due to the reduced number of questions posed to the children (from six to three). However, all together the graphs confirm that the children behave consistently, and, if we look at their target responses together across conditions, there is no clear indication of a bimodal distribution in their behaviour.
A.2.2 Adults
Analogously to Experiment 1, also in this experiment adults accomplish the task successfully most of the times. In particular, we collected solely 1 wrong answer for the Target QUD, and 2 for the wh-questions, out of a total of 66 questions each. This confirms our previous assumption that adults are not affected by modals nor quantifiers, and the few errors recorded must be a consequence of other factors, such as disattention. Nevertheless, for completeness we have analysed the relation between Target QUD/wh-questions and the variable operator using a simple linear model. The choice of dropping the generalised linear mixed model used so far is dictated by convergence problems, most likely due to the high number of subjects compared to the number of observations. The results are presented in Table 10 and confirm our predictions. Fig. 5 Left hand side, distribution of random effect for the subject variable in Experiment 1, Target QUD: 16 subjects (children). Right hand side, distribution of random effect for the subject variable in Experiment 2, Target QUD: 32 subjects (children). A negative value of the random effect is assigned to a subject who under performs, vice versa for the positive value.
Experiment 1 Experiment 2 Distribution Distribution
Random effect -Subject Random effect -Subject Table 8 Random intercepts and slopes for the variable operator in Experiment 2, w.r.t. the wh-questions. Note that while for item 4, 5, and 6 the effects are practically null, the probability of a correct response to the trial for item 2 and 3 is notably higher and lower than zero respectively.
B Target stories and items
In this section, we list the English translation of all the target stories and items for both experiments.
-Target Story 1 -Quantifiers: Jack, the photographer, and Fred, the caveman, are going to take photos of animals in Table 9 Best-fitting logistic regression of probability of correct answers for the operator (Experiment 2, TargetQUD and wh-question, sub-set adults). Signif. codes: '***' = p < 0.001, '**'=p < 0.01, '*'=p < 0.05, '.' = p < 0.1, ' ' = p < 1.
the jungle. Two crocodiles and two elephants are walking by. Jack and Fred decide to try to take pictures of them. Fred tries first, however he doesn't manage to shoot any of them. Then it is Jack's turn. He manages to take photos of the elephants, but not of the crocodiles. Outcome: Jack the photographer managed to shoot the elephants but not the tigers. Fred instead missed all the animals. In this story there are two friends, Geronimo and Fred. Geronimo is a warrior and he loves riding animals. Fred, instead, never tried. They see two cows and two horses and they decide to try riding them. Fred gives it a try but he is too frightened of falling down and he gives up. Then Geronimo's turn comes. He rides the cows first. Then, although he never failed before, this time he is feeling tired and he decides that he won't ride the horses. Outcome: Geronimo rides the cows but not the horses. Fred rides no animal. -Target Story 4 -Modals: Fred and Smurfette went to visit Papa Smurf at his faraway home. He lives very far away and they need to take a motorbike to get there. A motorbike is there for them to use. Smurfette says that the bike is too dangerous and, besides, she doesn't know how to drive it. However, only Fred is tall enough to ride it. Fred is considering using it, but in the meanwhile a pilot comes and he offers Fred his car. Now Fred has two choices: he can take the bike or the car. Outcome: Fred has two options, either driving the car or the motorbike. Smurfette instead cannot drive anything. There are a farmer and Smurfette and they need to feed a hippo. Smurfette has nothing to give the hippo while the farmer only has carrots and he know that the hippo doesn't like them that much. In the meanwhile, Papa Smurf comes and he gives some turnips to the farmer. The farmer now has two options to feed the hippo. Outcome: the farmer can feed the hippo with carrots or with turnips. Smurfette instead has nothing to give him. The caveman and the farmer decide to go in town but they find a huge log across the way. They need to remove it but they do not know how. Looking around, they see a truck and they think of using it. The caveman says that he doesn't know how to drive it and he can only try to lift the log with his own hands. However, the log is too heavy for him. The farmer instead knows how to drive the truck and he is about to use it to remove the log. In the meanwhile, the dwarf comes and he offers him his tractor. Outcome: the farmer can use either the truck or the tractor to remove the obstacle. 
